The trade-off between feasibility and accuracy of measurements of physical exposure at the workplace has often been discussed, but is unsufficiently understood. We therefore explored the effect of two lowback loading measurement tools with different accuracies on exposure estimates and their associations with low-back pain (LBP).
Introduction
Exposure to physical risk factors at the workplace such as lifting, pushing, pulling, and awkward trunk postures (e.g., flexion and rotation) has been associated with low-back pain (LBP; da Costa et al., 2010; Griffith et al., 2012; L€ otters et al., 2003) . However, it has also been argued that evidence concerning such work related risk factors for LBP is weak and inconsistent (Bakker et al., 2009; Kwon et al., 2011) , potentially due to insufficient high quality studies using accurate objective measurement methods (Burdorf, 2010; David, 2005 ). An important potential reason for this is that the choice for a measurement method for occupational physical exposure involves a trade-off between accuracy and feasibility (i.e., in time and costs). As an example, although self-reports of physical exposure are frequently used as they can be obtained with relative ease and few expenses, outcomes are highly subjective and often based on rough categorization, thereby limiting accuracy (Balogh et al., 2004; Punnett, 2004) . As a result, in theory, the choice of such methods in view of available resources, is expected to affect accuracy of exposure estimates which may bias risk associations (Tielemans et al., 1998) and reduce statistical power (Mathiassen et al., 2002 (Mathiassen et al., , 2010 . However, in practice, this is not always the case in epidemiological literature, since studies that measure more accurately often measure limited amounts of subjects which reduces the power of the given study (Griffith et al., 2012) . Therefore, the effect of the accuracy of a chosen measurement method on exposure-outcome associations for occupational physical exposure risk factors of LBP is not well understood.
Mechanical low-back load as a result of exposure to physical load at the workplace (e.g., lifting and trunk flexion) is an appropriate load measure and is expected to be an important determinant of LBP (Chaffin, 2009; Wells et al., 2004) . Such loads (i.e., lowback moments or forces on the lumbar spine) are suspected to provide a direct relationship with spinal failure and consequently with LBP. Mechanical low-back loads can be obtained from measured hand forces and structured posture observations as inputs in a biomechanical model in epidemiological studies (e.g.; Neumann et al., 2001 ). It has however been shown that these methods can lead to large inaccuracies (de Looze et al., 1994) . Nevertheless, such estimates are predictive for LBP (Coenen et al., 2013b; Norman et al., 1998) and more valid and reliable methods for mechanical low-back loads, such as direct measurement techniques (i.e., combining information from motion tracking systems and external force measurements; Kingma et al., 2010; Marras et al., 2010a; Plamondon et al., 1996) can potentially lead to more accurate estimates and to less biased associations with LBP. However, in accordance with abovementioned trade-off, such methods are often costly and difficult to apply to a field setting, as they may interfere with the work performed (Trask et al., 2007) . Posture fitting on planar video recordings during manual materials handling tasks has been shown to be a feasible and accurate method for application in field settings (Chang et al., 2003; Coenen et al., 2011; Xu et al., 2011) . Yet, such methods are time-consuming and only allow analysis of selected tasks rather than continuous monitoring.
To date, the optimum of the above-mentioned trade-off, indicating which measurement tool for occupational low-back load assessment should be chosen in order to have the best combination of measurement accuracy and feasibility, is unknown. We therefore explored this trade-off by comparing the assessment of low-back loads based on observations (Coenen et al., 2013b) and low-back loads assessed more accurately using detailed video-analysis (Coenen et al., 2011) . The two methods were compared, at both the individual and group levels, in terms of the accuracy of load estimates and predictive values regarding LBP prevalence.
Methods

Population and data collection
Data were collected as part of the SMASH study (Ari€ ens et al., 2001; Hoogendoorn et al., 2000) involving workers in a baseline measurement protocol, in which occupational low-back load was assessed at the workplace. Workers were recruited from 34 companies in the Netherlands representing several industrial and service branches, including metal, computer software, chemical, pharmaceutical, food and wood construction industries, as well as insurance companies, childcare centers, hospitals, distribution companies and road worker organizations. The study population thus included workers performing diverse tasks with a wide range of physical and mental workloads.
During the SMASH study, videos were collected at four randomly chosen instants in one day. Videos were collected for 5e15 min during each of the four occasions, depending on the variability of the worker's task, to obtain a representative sample of the worker's jobs. During these periods, external forces at the hands were measured when present, using force transducers (for pushing and pulling tasks) or weighting scales (for lifting tasks). For pushing and pulling tasks, a measured horizontal direction of the force was assumed and a single measured value of the transducer was used. For lifting, measured weights were used as input in the two methods, as will be outlined in detail later.
A three year annual follow-up assessment of LBP was performed using a self-administered Dutch version of the Nordic Questionnaire (Kuorinka et al., 1987) . LBP was defined when a worker reported regular or prolonged LBP during at least one of the three years of follow-up. This definition of LBP prevalence was independent from LBP status at baseline. Regular or prolonged LBP was assessed based on self-reports and was thus not based on medical diagnosis, nor was it related to a specific incident or cause.
For the current study, of the 1802 workers who completed the baseline questionnaires (regarding personal information such as age, gender and LBP prevalence), LBP data in at least one of the years of follow-up were available for 1131 of them. These workers were a-priori allocated to occupational groups with similar tasks and physical loads based on the International Standard Classification of Occupations. These occupations were then again, based on expert judgments composed into 23 groups. These groups, such as a group of workers performing mainly sitting tasks with varying postures or alternating standing, walking and/or sitting without external forces were solely based on the expected physical work load without any prior knowledge on the actual quantified physical work load, baseline LBP status and/or psychosocial or workplace factors. This expected physical work load was subjectively assessed after watching the video by observers that were recruited among students of the Faculty of Human Movement Sciences of the VU University, Amsterdam and were extensively trained on the task. This classification scheme has been shown to be effective, leading to substantial between-group variation in low-back load variables in earlier work (Coenen et al., 2014b) . Moreover, applying a groupbased measurement approach has been shown to be an efficient strategy leading to more reliable estimates of exposure, since random measurement errors in individual estimates of exposure may decrease (Hoozemans et al., 2001; Jansen et al., 2003) .
For the current study, data of those 19 groups of which video material was available for at least 4 workers were used (Table 1) . Videos of these workers were observed during which manual material handling (MMH) tasks, i.e., lifting, pushing and pulling, were identified. From each group, four or if available five workers were randomly selected from whom all MMH tasks that occurred during the video recording were identified. As a result, 4872 MMH tasks of a total of 93 workers were analysed in the current study (Table 1 ). The use of this selection has been shown to be effective in assessing exposure-outcome associations (Coenen et al., 2014a) while it has also been shown that adding more workers per group does not lead to a considerably higher precision and power of the study outcomes (Coenen et al., 2014b) . Low-back moments of all identified MMH tasks were subsequently assessed using two methods that will be described in the following paragraph.
Assessment of low-back moment
All selected videos of MMH tasks were used for low-back moment assessment with two different methods that have been described in more detail previously (Coenen et al., 2014a (Coenen et al., , 2013b . In the first assessment method, a procedure was performed in which postural observation data were used as inputs to a biomechanical model (Coenen et al., 2013b) . Structured continuous observations of body segment positions (i.e., trunk flexion, trunk rotation and arm elevation in the dominant arm) were applied to the complete video material. Subsequently, to get a fair comparison with the second method that will be described below, only observations of the 4872 MMH tasks of the 93 selected workers were selected for further analysis. Consequently, non MMH tasks were discarded. These data were used as kinematics input together with segment anthropometrics to construct a manikin consisting of a trunk/head, upper arms and a lower arms/hands segment (i.e., assuming symmetry in the two arms). Segment mass, length, position of the center of mass and inertia tensor were estimated based on regression equations using total body mass and stature of each worker (Zatsiorsky, 2002) . Observational categories are shown in Table 2 (e.g., 'mild trunk flexion' depicting 30e60 trunk flexion that was assigned a value 45). Manikin kinematics was used together with a single unilateral hand force measure as input to a three-dimensional linked segment model to calculate time series of static moments at the level of L5S1. This hand force was implemented as a horizontal force for pushing/pulling tasks and as a mass with its centre of gravity between the two hands of the manikin for lifting tasks.
The second assessment method is a detailed video-analysis of the same footage of the MMH tasks (i.e., video material of the 4872 MMH tasks of the selection of workers, n ¼ 93). In short, in a graphical user interface, a semi three-dimensional manikin, consisting of nine body segments, was constructed over four key video frames (i.e., the begin and the end frame of the tasks as well as two equally spaced frames between begin and end frames; Fig. 1 ). A cubic spline interpolation of the segment angles over the four key frames was applied to estimate segment angles time series over the entire MMH trajectory according to earlier work (Xu et al., 2010) . This kinematics was used together with segment anthropometrics (in accordance with the first method as described above) to construct a manikin. Kinematics of this manikin was used together with segment anthropometrics and a single unilateral hand force measure, as inputs to a three-dimensional linked-segment model to calculate time series of dynamic L5S1 moments. This hand force was implemented as a horizontal force for pushing/pulling tasks and as a mass with its centre of gravity between the two hands of the manikin for a lifting task. In contrast to the first method, which uses a static approach, a dynamic model was used and input Table 1 Data set characteristics. In the upper part of the table, the total number of workers and the number of workers observed are shown for each group. In the lower part, descriptive statistics of the workers who were included in the cohort (left column) and the workers from whom low-back moment data are available (right columns) are presented. Age, gender and LBP prevalence at baseline are shown.
Group description Total Analysed
Mainly sitting segment angles were obtained from a fitted and interpolated manikin (providing more detailed information about postures rather than from categorical observation-based postures). The video-analysis method used has been shown to have good validity (Coenen et al., 2011) and inter-rater reliability (Coenen et al., 2013a) . No systematic differences and a strong correspondence (correlation >0.85) of the video-analysis method compared to a laboratory based gold standard reference method (i.e., motion analysis and force plate measurements) was reported (Coenen et al., 2011) . Also, there was excellent agreement among raters (i.e., intra-class correlation coefficient >0.9), while inter-rater variation was relatively low (<10 Nm; Coenen et al., 2013a) .
Data analysis
Time series of the resultant of the three-dimensional low-back moment of all subjects during all MMH tasks were obtained for the two assessment methods. These time series were used to calculate peak and cumulative moments of both assessment methods. Individual peak moments were defined as the maximum moment Fig. 1 . Video-analysis method. The graphical user interface depicting a three-dimensional manikin plotted onto a video frame is shown (upper part of the figure). In the lower part of the figure, a typical example of four key video frames of a field-based lifting task are shown. Beginning and ending frames of the task were selected from the video fragments by the rater. Two intermediate frames, equally spaced in time between the beginning and end frame, were automatically selected to obtain four video frames. In these four video frames, a semi three-dimensional manikin was constructed consisting of nine segments (right foot, lower leg and upper leg; pelvis, trunk/head, two upper arms, two forearms/ hands). This manikin allows for semi three-dimensional analysis of movements (ankle flexion/extension, knee flexion/extension, hip flexion/extension, trunk flexion/extension, trunk rotation, trunk lateral flexion, shoulder flexion/extension, shoulder abduction and elbow flexion/extension). Furthermore, the manikin can be scaled, rotated around its longitudinal axis (axial rotation) and translated horizontally and vertically along the video frame. obtained for an individual over all MMH tasks. Individual cumulative moments were assessed by calculating the area under the moment curves of all MMH tasks after which the moments were extrapolated to a work week (using the duration of the observation and the number of working hours per week). Besides these individual moments, peak and cumulative loads were also calculated at a group level in each of the exposure groups, by calculating the group mean over all individuals from whom video analyses were performed. For both assessment methods, these group values were assigned to all group members (i.e., all 1131 workers who reported on their LBP status during the three years of follow-up).
Agreement between the two ways of calculating low-back moments was evaluated by calculating intra-class correlation coefficients (ICCs), for the individual and the group-based low-back moments. ICCs <0.40 were assumed poor, ICCs 0.40e0.75 were assumed good and ICCs >0.75 were assumed excellent (Fleiss, 1986) . Furthermore, data were visualized by plotting the measurement differences (errors) of the two assessment methods against their respective means, i.e., a BlandeAltman plot (Bland and Altman, 1986) . In these plots, systematic and random differences between the two methods of assessing low-back moments were shown.
To assess predictive values of all metrics, univariate associations with LBP were estimated by calculating odds ratios (ORs), 95% confidence intervals and p-values using logistic regression. In these analyses, low-back moments were the (continuous, expressed per unit of low-back moments, Nm for peak moments and Nm/week for cumulative moments) independent variable and LBP the (dichotomous, either case or control) dependent variable. To facilitate the interpretation of the ORs, cumulative low-back moments were divided by 10 5 . All data processing was applied using custom Matlab software (version R2011a) while statistical analyses were performed using the statistics toolbox.
Results
A poor correlation between estimates obtained with the two assessment methods was found (ICC ¼ 0.28) for peak moments estimated at the individual level (Fig. 2) . However, when peak moments were estimated at a group level, excellent agreement (ICC ¼ 0.82) between the two methods was found. As can be seen in the BlandeAltman plot, for peak moments, differences between the two methods could be quite substantial at an individual level (i.e., up to 300 Nm, dashed lines in Fig. 3 ) with a mean systematic difference of about 40 Nm (dotted line in Fig. 3) . At a group level these inaccuracies decreased substantially but were still present (i.e., up to about 50 Nm with a mean systematic difference of about 30 Nm). Especially for the moments at an individual level, differences might be proportional (i.e., differences between methods were proportionally larger at higher absolute moments).
For cumulative moments, an excellent agreement of the two methods was shown for moments at an individual level and at a group level (ICC ¼ 0.95 and ICC ¼ 0.94, respectively; Fig. 2 ). It should however be noted that these ICCs are slightly lower when the evidently outlying group was removed (ICC ¼ 0.89 and ICC ¼ 0.84, respectively). For cumulative moments, differences between the two methods were comparable at the individual level compared to at group level (with mean systematic difference around 2$10 5 Nm/week; Fig. 3 ).
Peak moments were not significantly associated with LBP (with ORs of 1.001(1.000e1.002) and 1.001(0.999e1.003), for the observation-based method and the video-analysis method, respectively, Table 3 ). Cumulative moments were significantly associated with LBP (with ORs of 1.086 (1.036e1.138) and 1.056 (1.024e1.090), for the observation-based method and the videoanalysis method, respectively). Note however, that these ORs are expressed per unit of the low-back moment (i.e., Nm and 10 5 Nm/ week for peak and cumulative moments, respectively). A better interpretation of these OR can be made when expressing these ORs in the difference in low-back moments corresponding with a difference of the groups with the highest mechanical load compared with the group with the lowest mechanical load. These ORs are 1.26 and 1.31 for peak low-back moments (for the observation-based method and the video-analysis method, respectively) and 6.41 and 7.25 for cumulative low-back moments (for the observationbased method and the video-analysis method, respectively). Both estimates showed comparable associations with LBP, though the more accurate moments obtained by video-analysis yielded a slightly higher OR, than the moments obtained from the less accurate observations.
Discussion
Interpretation of results
The current study addressed the question whether a more accurate assessment of occupational low-back load is worth the effort when it comes to accuracy and its predictive value for LBP. We conclude that although present at an individual level, differences between a moderately accurate and a higher accurate low-back load assessment methods are attenuated at a group level. For peak moments, differences between the two methods up to 300 Nm can be seen at an individual level. Such differences can be expected when using postural data in a biomechanical model (de Looze et al., 1994) , and are mainly caused by inaccuracies in the observation and its rough categorization. Our analyses confirm this inaccuracy and add to this knowledge that errors might be proportional (i.e., differences between methods become proportionally larger with larger absolute moments). Also, differences between the two measurement methods decreased when moments were averaged over a group (mean systematic differences of about 40 Nm and 30 Nm for individual and group-based estimates). However, substantial differences remain present in this case. For cumulative moments, differences between the two estimation methods were limited and similar for individual level and group level estimates (i.e., showing comparable systematic and nonsystematic differences between the two methods; Fig. 3 ). Correlations between the two methods were excellent, but slightly lower when an evidently outlying group was removed.
High within-subject variability as compared to between-subject variability in a pre-defined group of workers is common (Allread et al., 2000; Paquet et al., 2005) , which attenuates the estimated LBP risk (i.e., OR) towards one (Mathiassen et al., 2010; Tielemans et al., 1998) . Therefore, group-based approaches are often used in studies on exposure-outcome associations (e.g., Burdorf et al., 2006; Heederik et al., 2000) and have been shown to be an effective way to deal with this within-subject variability (Houba et al., 1997; Lyles et al., 1997) . However, this advantage comes at the price of an increased uncertainty of the OR and thus a reduced power (Armstrong, 1998; Tielemans et al., 1998) . This trade-off is supported by our results as it turns out that, although one can gain from using a measurement method with substantially higher accuracy at an individual level, such measurements do not necessarily lead to a better prediction of the outcome (i.e., LBP). This is evident in the comparable ORs obtained from the two methods (1.26 and 1.31), describing the association between peak low-back moments and LBP. Also for cumulative moments, ORs were comparable (ORs of 6.41 and 7.25, respectively) although our more accurate videoanalysis method provided slightly higher ORs. Especially the cumulative low-back moments suggest substantial risks of LBP in the Fig. 2 . Scatter plot depicting the association of low-back moments as obtained from structured observational data used in a biomechanical model (y-axis) and moments obtained from the video-analysis method (x-axis). Peak low-back moments (upper panels) and cumulative low-back moments (lower panels) at an individual level (left panels) and at a group level (right panels) are shown. The best fit through the data points (solid line) as well as the x ¼ y reference line (dashed line) are shown. Also, intra-class correlation coefficients are shown, depicting the correlation between the two methods of calculation of moments. Fig. 3 . BlandeAltman plot depicting the measurement differences (errors) between the two assessment methods plotted against their means. Peak low-back moments (upper panels) and cumulative low-back moments (lower panels) at an individual level (left panels) and at a group level (right panels) are shown. Dots represent the individual data-points, the dotted line represents the mean of all data points (systematic difference) and the dashed lines represent the 95% confidence interval of all the data-points (depicting the level of random differences between methods). group of workers with the highest mechanical loads (mainly road workers with high and repetitive external forces).
Our findings seem to be counter-intuitive as assessment methods that are more accurate are assumed to have a higher predictive power when assessing exposure-outcome associations (Burdorf, 2010 ). An important reason for this potentially is the high number of measurements per worker, which especially during integration in the cumulative moment calculation, reduces random errors and thus decreases differences in accuracy. This may be facilitated by the fact that subjects with high moments usually have a high number of MMH tasks. Therefore, provided that substantial numbers of MMH tasks and sufficient subjects are measured, a moderately accurate method to assess low-back loads can be sufficiently accurate to be significantly predictive for LBP.
Considering the above, it can be questioned whether a large investment (in terms of money and time) for measurements of lowback load is worth the effort. It has been shown earlier that the accuracy of a group-based exposure estimates improves progressively less when more group-members are included in the estimate (Hoozemans et al., 2001; Mathiassen et al., 2005) . In line with this, the power of an exposure-outcome study improves progressively less as well, when measuring exposure from more workers within each group (Coenen et al., 2014b) . Based on these outcomes as well as the present results, a large investment in research time and money does not necessarily lead to a proportional increase in accuracy of a measurement or study power. Our results can thus aid decision-making when designing new studies on exposureoutcome associations. However, more information (e.g. on the unit cost for obtaining exposure and outcome information and feasibility of the two alternative measurement methods) is required to make more informed decisions on the choice of a measurement tool. Therefore, a-priori pilot measurements, in which the accuracy, costs and feasibility of an exposure assessment method are evaluated, can guide researchers in making an educated decision on this matter. In addition, it should be taken into account that the cost of accurate methods may drastically decrease in the future, e.g. by use of inertial sensors or automated marker-less posture tracking methods (Dutta, 2012; Faber et al., 2010) .
Methodological considerations
In the current study, we compared a rather inaccurate categorized posture assessment method of low-back loads to a relatively more accurate video-analysis method. Inaccuracy in the categorized posture observation method derives among other factors from a static moment calculation, categorized observed postures and the lack of categorization for some postures (e.g., lateral trunk bending). Differences between the two methods might stem from these issues and further improvements of the observation method might lead to even smaller differences between methods. The accuracy of our video-analysis method has been reported on before, showing good validity (i.e., high correspondence to a gold standard method; Coenen et al., 2011) and inter-rater reliability (i.e., high correspondance and low variation among raters; Coenen et al., 2013a) . In spite of this higher accuracy, rather small, nonsystematic, random errors for peak and mean low-back moments can still be expected (Coenen et al., 2011 (Coenen et al., , 2013a . As there is no golden standard for physical load assessment in the field, we cannot speculate on whether even more accurate methods would lead to different outcomes.
A source of bias might stem from the fact that we only used two kinds of low-back load metrics (i.e., peak and cumulative moments). Although also other metrics are imaginable (e.g., measures of frequency or rest periods), we believe that we present a representative sample of metrics, that are often used in studies on the aetiology of LBP (Norman et al., 1998; Seidler et al., 2009) . Besides, as an indicator of low-back load, resultant low-back moments were used. It is however known that also uniaxial loads, such as asymmetric low-back loads (occurring during occupational tasks) are important factors in the aetiology of LBP (Hoogendoorn et al., 2000) . Results of our study are therefore limited in their representation of occupational work load. Moreover, it may be argued that injury risk and thus LBP is more accurately predicted by spinal forces, either in compression (van Die€ en et al., 1999) or shear direction (Marras et al., 2010b; Norman et al., 1998) . However, as a strong correlation of resultant low-back moments with shear forces and compression forces has been reported (van Die€ en and Kingma, 2005) , it is not expected that the choice of the metric has resulted in a higher bias in either of the two methods.
In our study, workers were recorded on video at four randomly chosen instants in one work day for a certain amount of time rather than during the whole work day. Distributing these four occasions over several days might have resulted in more precise low-back moment estimates, as work load will most likely vary more between days than within days (Mathiassen et al., 2003; Paquet et al., 2005) . We addressed this issue by measuring several workers at different days in each group, to obtain more precise estimates of the work load within groups (Mathiassen et al., 2003; Paquet et al., 2005) . Besides, this measurement strategy is justified by the small within group variability of exposure estimates in previous work on the SMASH cohort (Ari€ ens et al., 2001) .
Moreover, in our study, low-back load was assessed from a limited number of four to five workers per group, introducing the possibility of selection bias. Such group-based approaches have been adopted before in work on the SMASH cohort (Ari€ ens et al., 2001; Hoogendoorn et al., 2000) and have proven to be successful in finding revealed several work-related physical risk factors of musculoskeletal disorders. Furthermore, a sensitivity analysis has shown that the current selection of workers is representative, Table 3 Association of peak low-back moments and LBP for moments based on a biomechanical model using observational variables as input and moments obtained from a more accurate video-analysis method. Moments were obtained from 4872 MMH tasks from a representative sample of 93 workers. Mean moments with standard deviations (std) expressed in Nm are shown for the group of workers who reported LBP during the three years of follow up and for the group of workers who did not report LBP. ORs, 95% CIs and levels of significance are shown. In the right column, ORs corresponding with a difference of the groups with the highest low-back moment compared with the group and the lowest low-back moment are shown. leading to stable risk estimates for LBP (Coenen et al., 2014a) . As mentioned above, in another study it has been shown that there is a saturation effect of increasing exposure sample sizes for OR bias and study power (Coenen et al., 2014b) . In this study, bias and power decreased when exposure was collected from more workers up to the point where adding more subjects per group leads to only marginal improvements. More specifically, this study suggests that the OR depicting the exposure-outcome association did not show substantial attenuation after adding more than five workers per group. On the other hand, the size of the total population (i.e., of which LBP was assessed) showed to be of more importance for the outcome of an exposure-outcome association. We therefore consider the methods used in our study adequate. On a related subject, the classification of workers into groups was made by the same trained observers who also collected the video recordings, on the basis of their training and experience in assessing physical workloads in occupational settings. In earlier research, grouping schemes have shown to influence the outcomes of a study (Symanski et al., 2006) , for instance in terms of effectiveness in reducing attenuation of an exposureeoutcome relationship (Werner and Attfield, 2000) . Moreover, the categorisation of task groups was performed on a different dimension (i.e., generic work load) than the outcome of our study (i.e., low-back moments). Thus, another categorization of workers might have resulted in different outcomes. However, according to between group exposure contrasts, classification has been shown to be successful for the assessment of low-back loads in the same study population (Coenen et al., 2014b ). Also we showed that the selection of workers for whom low-back moments were measured was highly comparable to the entire group of workers with respect to age, gender and prevalence of LBP (Table 1) . Therefore, selection bias is not likely to have had a strong impact in the present study.
Conclusion
We studied whether a more accurate collection of occupational low-back load (which is often more time and money consuming) is worth the effort when it comes to accuracy and predictive value for LBP. From our results, it can be concluded that while estimates of peak low-back moments at the individual level can be improved substantially by using more accurate methods, this does not necessarily lead to a higher accuracy of low-back load estimates at a group level. A more accurate method also does not lead to better estimates of cumulative low-back moments. Although our study is prone to some limitations, our results can aid decision-making when designing new studies on low-back loads in specific tasks or groups, or on associations between low-back loads and LBP.
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